I. Introduction
High-dielectrics have been perceived as the enabling technology to implement high performance radio frequency and analog metal-insulator-metal (MIM) capacitors. Applications of HfO 2 and ZrO 2 -based materials to MIM capacitors have been extensively studied [1] [2] . However, a capacitance density larger than 20 fF/ m 2 with acceptable leakage and quadratic voltage coefficient of capacitance (VCC) are rarely obtained. On the other hand, due to the relatively high value of TiO 2 ( =4~86 and it becomes 90~170 for rutile phase) [3] , it has drawn great interest recently [3] [4] . Unfortunately, the leakage current seriously degrades after 400 o C process [4] because of film crystallization. Although ternary oxides such as Ta, La, Hf, Zr-doped TiO 2 [5] [6] [7] [8] have been proposed to circumvent this issue, their composition should be strictly controlled to maintain its optimal performance. In this work, without using a ternary oxide, a simplified process by stacking TiO 2 and Y 2 O 3 is utilized to achieve high capacitance density and low leakage current. Besides electrical characteristics, the mechanism behind the excellent device performance is also discussed.
II. Experiment
Prior to the fabrication of MIM capacitors, 500 nm SiO 2 was grown on Si wafers for better isolation. Then a TaN/Ta bi-layer of 50/150 nm was deposited as the bottom electrode. A physical vapor deposition (PVD)-TiO 2 layer of 20.0 nm was then deposited as the insulator followed by 400 o C O 2 furnace annealing for 20 min to strengthen its quality by decreasing oxygen vacancies. Afterward, N 2 /O 2 rapid thermal annealing (RTA) at 400 or 500 o C for 30 sec was performed to investigate the impact of crystallinity on device performance. In addition to the single TiO 2 , a TiO 2 (4.5 nm)/Y 2 O 3 (4.5 nm) bi-layer insulator was deposited on some wafers by PVD to study the stack effect on electrical characteristics. The use of Y 2 O 3 lies in its large dielectric -electrode band offset which is beneficial to provide a high barrier height for electron injection from metal electrode. In addition, Y 2 O 3 is known for its high thermal stability of amorphous phase against crystallization and it will help suppress leakage paths from grain boundary channels [9] if TiO 2 is crystallized. Finally, high work function Pt of 50 nm was deposited and patterned as the top electrode. Fig. 1 shows the structure of MIM capacitors and process flow. III. Results and Discussion (a) Pt/TiO 2 /TaN MIM capacitors Fig. 2 shows the capacitance-voltage (C-V) curves for TiO 2 MIM capacitors with various RTA temperatures. As the RTA increases from 400 to 500 o C, the capacitance at 0 V enhances dramatically from 37.6 to 53.1 fF/ m 2 which respectively correspond to the value of 85.2 and 120.1. The relatively high value of TiO 2 is due to crystallization which occurs at ~400 o C. The significant enhancement in value from 400 to 500 o C is due to the transition from anatase to rutile phase [10] . This phase transition leads to severe degradation in VCC (Fig. 3 ) and leakage performance (Fig. 4) o C RTA, the leakage current can be further decreased to 5.8×10 -9 A/cm 2 at 1 V/25 o C, which may be attributed to reduced trap densities in the dielectric during a higher temperature O 2 /N 2 annealing. The polarity dependent leakage performance can be explained by different work function for top/bottom electrode and asymmetric band structure. Fig. 10 demonstrates ln(J) versus E 1/2 for TiO 2 /Y 2 O 3 MIM capacitors where J and E respectively denote current density and electric field, and suggests various current transport mechanisms for different electric fields. At high field, the conduction is inferred to be dominated by Poole-Frenkel emission. Table I summarizes the key device parameters for MIM capacitors with various dielectrics [7, [12] [13] [14] . TiO 2 /Y 2 O 3 MIM capacitors show large capacitance density with low VCC and leakage current, which prove the great potential for advanced MIM capacitors.
IV. Conclusion
High-performance MIM capacitors with capacitance density of density of 32.2 fF/ m 2 , low VCC of 3490 ppm/V 2 and low leakage current of 5.8×10 -9 A/cm 2 at 1 V have been realized by Pt/TiO 2 /Y 2 O 3 /TaN. This desirable performance is resulted from the high value of TiO 2 without crystallization, which offers high capacitance density while keeps good leakage behavior. The role of Y 2 O 3 is to suppress leakage current by providing a large dielectric-electrode band offset, and prevent the TiO 2 from crystallization. 
